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(57) ABSTRACT 

A method of manufacturing a surface mount type crystal 
oscillator having a container body including a ?rst recess and 
a second recess respectively formed in tWo main surfaces 
thereof, a crystal blank hermetically sealed in the ?rst recess, 
an IC chip having an oscillation circuit integrated thereon and 
secured to the bottom surface of the second recess through 
thermo-compression bonding using bumps, and a protection 
resin for protecting a circuit-forming surface of the 1C chip 
comprises the steps of applying a protection resin consisting 
of a ?exible resin along the inner periphery of the second 
recess, and pressing the IC chip While the outer periphery of 
the IC chip is brought into contact With the applied protection 
resin to secure the IC chip to the bottom surface of the second 
recess. 

5 Claims, 2 Drawing Sheets 
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METHOD OF MANUFACTURING SURFACE 
MOUNT TYPE CRYSTAL OSCILLATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of manufacturing 

a surface mount type quartz crystal oscillator Which contains 
a quartz crystal element and an oscillation circuit using the 
crystal element Within a surface mount package, and more 
particularly, to a method of forming a protective resin for an 
IC (integrated circuit) Which has the oscillation circuit inte 
grated therein. 

2. Description of the Related Art 
Surface mount type crystal oscillators are Widely used as 

reference sources for frequency and time in compact portable 
electronic devices such as portable telephones, because of 
their small size and light Weight. One of such surface mount 
type crystal oscillators comprises a container body Which is 
formed With recesses in both main surfaces thereof to have an 
H-shaped cross section, a crystal blank hermetically sealed in 
one of the recesses, and an IC chip accommodated in the other 
recess. With an ever advancing reduction in size of portable 
electronic devices in recent years, further improvements have 
been also required for methods of manufacturing surface 
mount type crystal oscillators. 

FIGS. 1A and 1B are a sectional vieW and a bottom vieW, 
respectively, of an example of a conventional surface mount 
type crystal oscillator. This surface mount type crystal oscil 
lator generally comprises container body 1 having an 
H-shaped cross section as mentioned above, substantially 
rectangular crystal blank 2, and IC chip 3. Container body 1 is 
formed of laminated ceramics having center layer 111 and 
frame layers 1b, 10. Center layer 111 is substantially rectan 
gular in shape, While frame layers 1b, 1 c are each in the shape 
of a frame Which surrounds the outer periphery of center layer 
1a, and are laminated on the top surface and bottom surface of 
center layer 1a, respectively. Center layer 111 and frame layer 
1b form ?rst recess 20a in Which crystal blank 3, Which 
functions as a crystal element, is hermetically sealed. Center 
layer 111 and frame layer 10 form second recess 20b in Which 
IC chip 3 is accommodated. First recess 20a is formed With a 
pair of crystal holding terminals 4 on the bottom surface 
thereof for retaining crystal blank 2. Each short side of frame 
layer 10 is caved in an arcuate shape in a portion opposite to 
second recess 20b to de?ne space 9 therein. 

Crystal blank 2 is, for example, a substantially rectangular 
AT-cut quartz crystal blank Which is provided With excitation 
electrodes (not shoWn) on both main surfaces thereof, and 
lead-out electrodes are extended from these excitation elec 
trodes toWard opposite sides of an end of crystal blank 2. Both 
opposite sides of the end of crystal blank 2, to Which the 
lead-out electrodes are extended, are secured on crystal hold 
ing terminals by conductive adhesive 5 or the like, thereby 
electrically and mechanically connecting crystal blank 2 to 
crystal holding terminals 4 Within ?rst recess 2011. A metal 
ring, not shoWn, and the like are disposed on the top surface of 
frame layer 1b Which de?nes ?rst recess 20a, and metal cover 
6 is bonded to this metal ring by seam Welding or the like. In 
this Way, crystal blank 2 is hermetically sealed in ?rst recess 
2011. 

IC chip 3 is substantially rectangular in shape. In IC chip 3, 
an oscillation circuit Which uses crystal blank 2, a tempera 
ture compensation mechanism for compensating the fre 
quency-temperature characteristics of crystal blank 2, and the 
like are integrated on a semiconductor substrate. The oscilla 
tion circuit and temperature compensation mechanism are 
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2 
formed on one main surface of the semiconductor substrate 

through a general semiconductor device fabrication process. 
Therefore, a circuit-forming surface refers to one of both 
main surfaces of IC chip 3, on Which the oscillation circuit 
and temperature compensation mechanism are formed on the 
surface of the semiconductor substrate. The circuit-forming 
surface is also formed With a plurality of IC terminals for 
connecting IC chip 3 to an external circuit. These IC terminals 
include a poWer supply terminal, a ground terminal, an oscil 
lation output terminal, a pair of connection terminals for 
connecting to crystal blank 2, an AFC terminal for receiving 
an automatic frequency control (AFC) signal, and the like. 
Then, the IC terminals are bonded to circuit terminals pro 
vided on the bottom surface of second recess 20b through 
ultrasonic ther'mo-compression bonding using bumps 7, 
thereby securing IC chip 3 Within second recess 20b. Crystal 
blank 2 is electrically connected to the oscillation circuit 
Within IC chip 2 through crystal holding terminals 4, conduc 
tive paths formed in container body 1, circuit terminals, and 
IC terminals. Mounting electrodes 8 are formed at four cor 
ners on the outer bottom surface of container body 1, i.e., at 
four corners on the bottom surface of frame layer 10 for use in 

surface-mounting IC chip 3 on a Wiring board, Where the 
poWer supply, output, automatic frequency control (AFC), 
and ground terminals of the IC terminals are electrically 
connected to associated mounting electrodes 8, respectively, 
through conductive paths, not shoWn, routed in container 
body 1. 

For manufacturing the crystal oscillator as described 
above, after IC chip 3 has been secured on the bottom surface 
of second recess 20b, injection needles 10 are inserted into 
arcuate spaces 9 formed in both short sides of frame layer 10, 
such that a liquid protection resin 11 is injected through 
needles 10 for protecting IC chip 3, as described in Japanese 
Patent Laid-open Application No. 2005-6171 (JP, A, 2005 
006171). In this Way, a so-called under-?ll is formed for IC 
chip 3 to protect the circuit-forming surface of IC chip 3. 

It should be noted that as the crystal oscillator is increas 
ingly reduced in size, a narroWer spacing is ensured betWeen 
IC chip 3 and frame layer 10, so that needles 10 cannot be 
inserted for injecting a resin unless spaces 9 are formed in 
frame layer 10 as mentioned above. If protection resin 11 
Were injected Without inserting needles 10 into spaces 9, 
protection resin 11 Would spread over the bottom surface of 
IC chip 3, surface of frame layer 10, and surfaces of mounting 
electrodes 8, causing the crystal oscillator to fail to satisfy 
criteria related to its appearance. Particularly, When protec 
tion resin 11 sticks to mounting electrodes 8, a problem Will 
arise When IC chip 3 is surface-mounted on a Wiring board. 
Accordingly, frame layer 10 must be formed With arcuate 
spaces 9 for injecting the resin. 

HoWever, in the conventional surface mount type crystal 
oscillator described above, spaces 9 for injecting the resin 
must be formed in frame layer 10 Which de?nes second recess 
20a for accommodating IC chip 3, but the formation of spaces 
9 constitutes a cause of impediment to a further reduction in 
size of the crystal oscillator. Speci?cally, since spaces 9 for 
injecting the resin are formed, frame layer 10 must be previ 
ously designed to have the short sides With a large Width, i.e., 
a distance betWeen the recessed surface and outer surface, in 
order to ensure a su?icient strength, so that the conventional 
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crystal oscillator is disadvantageous in that container body 1 
is correspondingly increased in siZe When it accommodates 
IC chip 3 of the same siZe. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
of manufacturing a surface mount type crystal oscillator, 
Which is capable of appropriately protecting an IC chip and 
readily accomplishing a reduction in siZe of the crystal oscil 
lator. 

The object of the present invention is achieved by a method 
of manufacturing a surface mount type crystal oscillator 
Which has a container body including a ?rst recess and a 
second recess respectively formed in tWo main surfaces 
thereof, a crystal blank hermetically sealed in the ?rst recess, 
an IC chip having an oscillation circuit integrated thereon and 
secured to the bottom surface of the second recess through 
thermo-compression bonding using bumps, and a protection 
resin for protecting a circuit-forming surface of the IC chip. 
The method includes the steps of applying a protection resin 
consisting of a ?exible resin along the inner periphery of the 
second recess, and pressing the IC chip While the outer 
periphery of the IC chip is brought into contact With the 
applied protection resin to secure the IC chip to the bottom 
surface of the second recess. 

According to the present invention, since the outer periph 
ery of the IC chip is pressed against and closely contacted to 
the ?exible resin applied along the inner periphery of the 
second recess, the outer periphery of the IC chip is sealed by 
the ?exible resin. Consequently, the circuit-forming surface 
of the IC chip is isolated from the outside and protected. In 
this event, arcuate spaces need not be formed in the inner 
sides of the short sides of a frame layer Which forms part of the 
second recess in order to previously apply the ?exible resin 
along the inner periphery of the second recess. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a sectional vieW illustrating an example of a 
conventional surface mount type crystal oscillator; 

FIG. 1B is a bottom vieW of the surface mount type crystal 
oscillator illustrated in FIG. 1A; 

FIGS. 2A and 2B are sectional vieWs each illustrating a 
process of manufacturing the surface mount type crystal 
oscillator in one embodiment of the present invention; and 

FIG. 2C is a bottom vieW of the manufactured surface 
mount type crystal oscillator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A method of manufacturing a surface mount type crystal 
oscillator according to one embodiment of the present inven 
tion Will be described With reference to FIGS. 2A to 2C. In 
FIGS. 2A to 2C, components identical to those in FIGS. 1A 
and 1B are designated the same reference numerals, and the 
same description is not repeated. It should be noted, hoWever, 
that for purposes of description, sectional vieWs illustrated in 
FIGS. 2A and 2B are draWn upside doWn With respect to the 
sectional vieW of FIG. 1A. 

Like the conventional crystal oscillator illustrated in FIGS. 
1A and 1B, the surface mount type crystal oscillator of this 
embodiment comprises container body 1 having an H-shaped 
cross section With ?rst and second recesses 20a, 20b formed 
in tWo main surfaces, respectively, crystal blank 2, and IC 
chip 3. Container body 1 is formed of laminated ceramics 
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4 
having center layer 111 and frame layers 1b, 10. Crystal blank 
2 is secured to crystal holding terminals 4 disposed on the 
bottom surface of ?rst recess 20a With conductive adhesive 5, 
and then is hermetically sealed in ?rst recess 2011. IC chip 3 is 
secured to the bottom surface of second recess 20b through 
thermo-compression bonding using bumps, such that its cir 
cuit-forming surface opposes the bottom surface of second 
recess 20b. 

A description Will be given of processes of manufacturing 
the crystal oscillator as described above. 

First, after hermetically sealing crystal blank 2 in ?rst 
recess 20a of container body 1, container body 1 is turned 
upside doWn such that the bottom surface of second recess 
20b faces upWard. Then, as illustrated in FIG. 2A, needle 10 
is brought close to the inner periphery of second recess 20b, 
i.e., four sides of the bottom surface of second recess 20b 
de?ned substantially in a rectangular shape, to apply protec 
tion resin 11 along the inner periphery of second recess 20b. 
Assume that protection resin 11 used herein is ?exible, i.e. 
elastic, after the curing. Such a resin may be, for example, a 
silicone resin. Assume herein that thermosetting silicone 
resin is used for protection resin 11. 

Next, bumps 7 have been previously disposed on IC termi 
nals of IC chip 3, and the outer periphery of IC chip 3 is 
brought into contact With and kept in close contact With 
protection resin (i.e., ?exible resin) 11 such that the circuit 
forming surface opposes the bottom surface of second recess 
20b. In this event, ?exible resin 11 remains in an uncured 
state, and bumps 7 on the IC terminals are positioned on the 
circuit terminals, not shoWn, formed on the bottom surface of 
second recess 20b. 

Next, bumps 7 on IC chip 3 are mechanically and electri 
cally bonded to the circuit terminals on the bottom surface of 
second recess 20b through ultrasonic thermo-compression 
bonding, thereby securing the circuit-forming surface of IC 
chip 3 to the bottom surface of second recess 20b. In this 
event, ?exible resin 11 is also pressed to bring IC chip 3 in 
closer contact With ?exible resin 11. Finally, ?exible resin 11 
is thermally cured. 

In the manufacturing method described above, since IC 
chip 3 is secured to the bottom surface of second recess 20b 
While the outer periphery of IC chip 3 is pressed against 
?exible resin 11, the outer periphery of IC chip 3 is sealed by 
?exible resin 11. In this Way, the circuit-forming surface of IC 
chip 3 is isolated from the outside, and is protected from dust 
and the like Which Would otherWise introduce thereinto. 

In this manufacturing method, ?exible resin 11 is simply 
applied along the inner periphery of second recess 20b 
beforehand, Without the need for previously forming arcuate 
spaces 9 in frame layer 10 of container body 1. 

In the present invention, the ?exible resin used as protec 
tion resin 11 is not limited to the thermosetting silicone resin. 
An arbitrary protection resin canbe used as long as it is elastic 
after curing and can seal the outer periphery of IC chip 3 to 
prevent dust and the like from introducing thereinto. Such 
protection resins include a ultraviolet-setting or a cold setting 
silicone resin, a urethane resin and the like. 

In the foregoing description, protection resin 11 is cured 
after IC chip 3 has been secured to the bottom surface of 
second recess 20b. HoWever, When protection resin 11 is 
suf?ciently elastic (?exible) even after it is cured, IC chip 3 
may be secured after protection resin 11 has been cured. 

The present invention can also be applied to a container 
body Which is not originally formed With a ?rst and a second 
recess. For example, the present invention can also be applied 
in a similar manner When a mounting substrate having a 
recess, in Which an IC chip is placed, is bonded to the bottom 
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surface of a crystal unit having a crystal blank hermetically 
sealed therein to create a crystal oscillator. In this event, the 
mounting substrate may be such that its recess opening side is 
bonded to the bottom surface of the crystal unit, or its closed 
surface is bonded to the bottom surface of the crystal unit. 

What is claimed is: 
1. A method of manufacturing a surface mount type crystal 

oscillator having a container body including a ?rst recess and 
a second recess respectively formed in tWo main surfaces 
thereof, a crystal blank hermetically sealed in the ?rst recess, 
an IC chip having an oscillation circuit integrated thereon and 
secured to a bottom surface of the second recess through 
thermo-compression bonding using bumps, and a protection 
resin for protecting a circuit-forming surface of said IC chip, 
said method comprising the steps of: 

applying the protection resin consisting of a ?exible resin 
along an inner periphery of the second recess said ?ex 
ible resin comprises a silicone resin Which is a thermo 
setting silicone resin; 

pressing said IC chip While an outer periphery of said IC 
chip is brought into contact With the applied protection 
resin to secure said IC chip to the bottom surface of the 
second recess; and 

thermally curing the silicone resin after said IC chip has 
been secured to the bottom surface of the second recess. 

5 

6 
2. The manufacturing method according to claim 1, 

Wherein said IC chip is secured to the bottom of the second 
recess through ultrasonic thermo-compression bonding. 

3. A method of manufacturing a surface mount type crystal 
oscillator, comprising the steps of: 

providing a container body including a ?rst recess and a 
second recess respectively formed in tWo main surfaces 
thereof; 

sealing a crystal blank hermetically in the ?rst recess; 
applying a ?exible resin exclusively along a bottom inner 

periphery of the second recess; 
securing to a bottom surface of the second recess an IC chip 

having an oscillation circuit integrated on its circuit 
forming surface via bumps formed on the circuit-form 
ing surface While pressing the IC chip against the ?ex 
ible resin to seal the outer periphery of the IC chip by the 
?exible resin; and 

curing the ?exible resin after the IC chip is pressed against 
the ?exible resin. 

4. The manufacturing method according to claim 2, 
Wherein the IC chip is secured to the bottom surface of the 
second recess by ultrasonic thermo-compression bonding. 

5. The manufacturing method according to claim 3, 
Wherein the ?exible resin is cured thermally. 

* * * * * 
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